The progenies from eight potato crosses were examined. A number of genotypes from each cross were visually assessed, by four breeders, after they had been grown from true-seed in a glasshouse and from seed-tubers in the field, at two locations, in three consecutive years.
INTRODUCTION
Methods of predicting the distribution of recombinant inbred lines using early generations of crosses have been proposed by Jinks, Pooni and colleagues (Jinks and Pooni, 1976; Pooni and Jinks, 1978) . These methods have been applied to a variety of inbreeding species, particularly wheat (Snape, 1982) and barley Tapsell and Thomas, 1983) . The use of such methods has been proposed in inbreeding species to allow the selection of the progenies with highest probabilities of producing desirable recombinant lines in plant breeding. In this way the problems associated with early generation selection in such species are avoided. These problems fall into two main categories (a) the difficulty of selecting in highly heterozygous material, where dominance effects can be large, for genotypes that will produce superior homozygous lines, and (b) the inaccuracy of selecting on small plots (initially, often on individual plants) because of the error variance and sampling variation, as well as the competitive effects of the surrounding plots, which are of different genotypes, (Powell, Caligari, Goudappel and Thomas, 1985; Caligari and Powell, 1986 ).
The prediction methods have been further extended to cover second cycle hybrids (Pooni and * Present address: Department of Agricultural Botany, The University of Reading, Whiteknights, Reading RG6 2AS, U.K. Pooni, Jinks and Yohannes, 1985) . In addition other workers have shown, particularly in barley, that small numbers of doubled haploid lines produced from different crosses may be used in making predictions (Reinbergs, Park and Song, 1976; Simpson and Snape, 1979; Caligari, Powell and Jinks, 1985; Powell, Caligari, McNicol and Jinks, 1985) . The production of doubled haploids gives a sample of inbred lines which are used to provide an estimate of the population mean and additive genetical variance and hence the distribution of inbred lines that would be expected from a cross.
Thus far such cross prediction methods have not been considered in relation to the breeding of clonally reproduced crops such as potatoes, (Solanum tube rosum) . This may perhaps in part be due to the fact that heterozygosity is not a problem, in other words, although the initial true seeds are all genetically unique and highly heterozygous, they are subsequently multiplied clonally and so are fixed in the sense that they are the genotypes which may be commercially exploited. For a description of the Scottish Crop Research Institute (SCRI) potato breeding programme see Holden, 1977 and Mackay, 1982 . However, all the other problems of selection efficiency are still pertinent and studies have shown that such conventional phenotypic selection in the early generations is relatively ineffective (Brown, Caligari, Mackay and Swan, 1984; Brown, Caligari, Mackay and Swan, 1986) . It would therefore seem appropriate to investigate cross prediction methods in potatoes, particularly as have reported that progeny means were repeatable over the early generations, even though the environments in which different generations were raised were as diverse as seedlings in small pots in a glasshouse to material grown in the field from tubers. MATERIAL 
AND METHODS
The progenies of eight potato crosses, chosen as representative of the material normally assessed in the commercial breeding programme at SCRI, were examined. They were also the same crosses as reported by Brown et al. (1984) , , and . The crosses are identified by the codes Cl to C8.
The growing conditions and experimental designs used for the seedlings in the glasshouse (GH) and clones in the field for the first clonal year were given by Brown et aL (1984) , while those for the second clonal year were given in . The details are thus only reported briefly here. In 1981, 400 seeds from each of the eight crosses were sown in pans. After three weeks, 200 randomly taken seedlings were pricked out, transplanted into 10 cm square pots and grown to maturity in an aphid-proof glasshouse. The following year (1982) each genotype which produced tubers was grown in a field experiment with single plant randomisation at two locations, Blythbank (BB), a high-grade seed-tuber production site, and the Murrays Farm (MURR), a ware production site. Genotypes which produced sufficient tubers were planted in two completely randomised blocks at both sites. BB is the location used by SCRI for the production of healthy seed-tuber stocks. It is also, however, the only location where clonal assessments are usually carried out in the first two clonal generations of the commercial breeding programme. MURR, on the other hand, is used for yield trials of the more advanced breeding material. The BB site is always planted later and harvested earlier than the MURR site in order to reduce the possible spread of aphid borne viruses.
In 1983 it was not possible to grow all the material that had previously been handled, therefore in the second clonal year each cross was represented by 70 randomly chosen clones. These were grown at both BB and MURR in two cornpletely randomised blocks with each clone, in each block, being represented by a three-tuber plot. In 1984 the number of clones that could be managed again had to be reduced and so in each cross they were randomly reduced to 25. These clones were again grown at the two sites in two completely randomised blocks but within each block, each clone was grown in five-tuber plots.
Five commercial control cultivars were included in the randomisations in 1982, 1983 and 1984. In these years each control cultivar was grown a number of times within each of the two blocks.
Plots were harvested individually and the tubers were visually assessed by four potato breeders on a 1-9 scale of increasing commercial acceptability. Visual assessment took into account all the features that were observable to provide an overall measure of commercial suitability, such as overall tuber shape, regularity of shape, size, depth of eyes, and presence or absence of defects such as growth cracks, premature sprouting, persistent stolons etc. Although yield is not normally recorded in the early stages of a breeding scheme it is inevitably taken into account with such visual appraisal. Visual appraisal is by its nature subjective, but it has been shown that different breeders' scores were highly correlated between the four breeders in any of the environments (Brown et a!. 1984) and hence only mean scores, averaged over breeders, were considered here. RESULTS 
AND DISCUSSION
In 1983 the number of clones per progeny had been reduced to 70 and therefore only these clones were used to form the basis of predictions. The progeny means and square roots of the variances (cr) of these 70 clones for the first three years are given in table 1. In the glasshouse no replication was possible, since each true-seed is unique, and hence only the total between clone variation was available, i.e., the phenotypic variance, the square root of which is given (o). In the first clonal year the replicates were confounded with the mother tuber size and hence again no true replicate variance was available to correct the phenotypic variance for environmental effects. In the second clonal year, however, as true replication was possible the square root of the genotypic variance (Os) is given along with that from the phenotypic variance.
The means and u's given in table 1 were used, following the methods of Jinks and Pooni (1976), T-X X-T or 0 CT depending on whether the predictions are for values greater than (or equal to) or less than (or equal to) the target and where T stands for the target value and is the mean.
Initially, a visual preference score of 50 was taken as the target value. This value was chosen since on the original 1-9 scale of assessment a score of 5 or greater represented the level above which a clone would have been retained in the normal selection process within the breeding programme. The preference scores of the five commercial cultivars, included in the experiments, are given in table 2. Inspection of the means suggests that a target value of 5 would result in the selection of clones that would be at least as good as these widely grown commercial cultivars.
The predicted proportions of clones falling into the category of greater than (or equal to) an average score of 50 are given in Powell, Caligari, Phillips and Jinks, 1986) where significant genotype by environment interactions were found to affect predictions. The use of the phenotypic, compared with the genotypic, variance is also of interest. Although the genotypic variance should, on theoretical predictions based on UG while all others are based on cry. The figures in bold type are those where observed and predicted are not independent as at least some of the data are in common. The figures in italics are correlations where the predictions were made in a later generation than the observed and so in practical terms are not useful but are included for completeness. Correlation coefficients of 066 or greater are significant at the 5 per cent level.
grounds, give more accurate predictions, the phenotypic variance gave a similar set of predic- The means of the 70 clones were therefore taken as the prediction of a cross's worth and correlated with the observed numbers greater than (or equal to) 5 (as was done for the mean plus o-), the coefficients of which are presented in table 6(i).
As might be expected from the above findings, the Table 6 Correlation coefficients for the relationship between than (or equal to) 5-0 agreement between the predicted and observed was not materially different when only the mean was used compared with when the mean and cr was used. A further method of prediction is available. As was suggested by Powell, Caligari, McNicol and Jinks (1985) the actual number of lines falling into the required phenotypic category (in this case a score of greater or equal to 5) can be used as a predictor. The correlation coefficients, for predictions based on sample numbers with those observed, are given in table 6(u) . No values are given for predicted and observed at the same site in 1983, since these data were by definition identical. Using this method it can be seen that again there was reasonably good agreement between predicted and observed numbers even over sites and years. The overall mean correlation for all these three prediction methods were 0668, 0688 and 0628 for using the mean plus a-, the mean alone and the number observed in a sample, respectively. These three were obviously similar in magnitude to each other. Although the correlation between the predicted and observed numbers as discussed above, is of interest to plant breeders, in most circumstances breeders are more concerned with ranking the crosses in terms of their ability to provide clones that are above the target value set. The rank Table 5 The average difference between the coefficients of determination (R2) correlations were estimated for all three different prediction systems for the target values of 3, 4, 5 and 6. The picture they gave was very similar to that already found for numbers. Again some of the correlation coefficients failed to reach formal significance due to the low numbers of degrees of freedom (7 df given, 18 had a higher coefficient with the same site. Of the remaining 6 cases, one showed the average correlation coefficient to be equal while 5 were the opposite way round. This suggests a tendency for the prediction to favour the site at which they were made but not to do so greatly. A further point of note is that of the 5 cases the other way round, 4 were associated with the two higher target values.
CONCLUSIONS
For the character visual appraisal, the mean and o provide a good prediction of the number of clones that will exceed (or equal) a given target value. These predictions hold good over a number of years at two contrasting locations. Further, it was clear that o-added increasingly to the accuracy as the target value increased but was not a major component in the prediction. It was therefore not surprising that using the mean alone gave acceptable predictions. Another method of prediction which utilised the observed number of clones in a sample to predict the number that would be obtained in larger samples and in different environments was also satisfactory. Plant breeders are generally more concerned with the ranking of the crosses, in terms of their ability to produce commercial cultivars, than the predicted numbers per se. When the predictions were carried out on this basis the rank correlations showed good agreement between observed and expected. There appeared to be a slight tendency for the-predictions to agree more closely with observations at the same site than at the other site, when averaged over years. This tendency was not great but might need to be taken into account in a breeding programme where large numbers of progenies are being handled and hence even small differences could produce significant effects. It would clearly be of interest to examine such predictions over other characters or combinations of characters and to investigate them in the practical context of a potato breeding programme.
